Although much maligned, fat is an essential organ with important mechanical and metabolic roles. Like many good things in life, too much (obesity) or too little of it (lipodystrophy) is unhealthy, whereas maintaining some reserve capacity (leanness) to buffer and accommodate modern eating habits is ideal. So why do we need some fat?
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First, to store surplus energy as triacylglycerol and to buffer meal-related NEFA and triacylglycerol fluxes [1] . Second, to release energy in the form of NEFAs for use by other tissues during prolonged exercise or whilst fasting, and, third, to produce hormones such as leptin, which convey information about nutritional status to the brain and other tissues. In the case of leptin, low levels signal 'starvation' and trigger behavioural responses aimed at finding and eating more food, whereas rising levels reflect adequate energy stores and reduce food intake. Unfortunately, the human brain, possibly as a result of a predominant evolutionary drive to survive famine, is far more receptive to falling than to rising leptin levels. In fact, most obese humans appear to be resistant to high leptin levels. This results in ingestion of excess energy, which is initially accommodated by adipocyte hypertrophy and hyperplasia. However, sustained positive energy balance ultimately induces metabolic stress in adipose tissue (including hypoxia, increased reactive oxygen species, mitochondrial stress, endoplasmic reticulum stress), adipocyte death [2] and an inflammatory cell infiltrate [3] . Many believe that this compounds adipose tissue dysfunction and exacerbates 'lipid overflow' to the liver and other tissues, where it initiates a series of signalling events culminating in an insulin-resistant state [4] . Lipodystrophy is a rare disorder characterised by a pathological deficiency of adipose tissue. The fat loss may be partial or generalised and may be inherited or acquired in origin. The metabolic consequences are remarkably similar to those of obesity and include fatty liver, dyslipidaemia (hypertriacylglycerolaemia and low HDL-cholesterol), hypertension in some cases, severe insulin resistance and type 2 diabetes mellitus. Pancreatitis is a common complication of the dyslipidaemia, and long-term complications include those typically associated with type 2 diabetes. Very severe insulin resistance generally results in poor glycaemic control, so complications tend to develop early and are often severe. Fatty liver disease is virtually ubiquitous in patients with lipodystrophy and not infrequently progresses to cirrhosis and, in some cases, hepatocellular carcinoma. The severity of the metabolic sequelae are broadly proportional to the extent of fat loss, a fact borne out by the observation that when lipodystrophy occurs in women (who normally have more fat than men) the adverse metabolic sequelae are frequently more severe than those seen in lipodystrophic men [5] . The importance of regional fat depots is apparent in patients with partial lipodystrophy, in whom weight gain generally fails to replace lost fat depots but instead increases the size of residual fat depots and compounds the metabolic problems. In generalised lipodystrophy the physical absence of adipose tissue storage capacity is compounded by severe leptin deficiency, which induces overwhelming urges to find and eat food. This phenomenon is much less dramatic in partial lipodystrophy, where leptin deficiency is relative rather than absolute.
The most obvious way to treat lipodystrophy is to replace the missing fat. Unfortunately, unlike the kidney, liver and other organs for which transplantation is feasible and effective, the adipose organ consists of multiple isolated depots, none of which depends on a readily replaceable blood supply. Nevertheless, fat pads [6] and isolated adipocyte precursors (pre-adipocytes [7] ) have been successfully transplanted in mice with generalised lipodystrophy. In both cases, triacylglycerol accumulated in the transplanted tissue/cells, but the dramatic metabolic benefits observed appear, for the most part, to be a consequence of reconstituting an endogenous supply of leptin. An alternative approach is to restore circulating leptin levels by pharmacological means. Following the successful use of injectable leptin in congenital leptindeficient mice (ob/ob) [8] and humans [9] , investigators were quick to try leptin replacement in lipodystrophic mice [10] . In 2002, Oral et al. [11] were the first to report on the response of nine patients with lipodystrophy to recombinant human leptin therapy. Twice daily subcutaneous administration of leptin led to dramatic improvements in hypertriacylglycerolaemia, fatty liver and glycaemic control (HbA 1c ). Subsequent studies conducted at the National Institutes of Health in Bethesda (MD, USA) by Dr Gorden and colleagues showed that leptin replacement is also useful in patients with partial lipodystrophy, albeit less dramatic in this instance [12] . Others have also shown that leptin replacement appears to be helpful in HIV-related lipodystrophy, which is undoubtedly the most common cause of partial lipodystrophy [13] .
In this edition of Diabetologia, Chong et al. report on the sustained efficacy of leptin replacement in 48 patients with lipodystrophy over an 8 year period [14] . They conducted an open-label prospective study of patients with acquired and inherited forms of lipodystrophy caused by mutations in the AGPAT2, BSCL2 (seipin), LMNA and PPARG genes. Consistent with previous results, they observed substantial reductions in triacylglycerol levels (59% decrease) and HbA 1c (from 8.4% to 6.9%) in the group as a whole. The magnitude of the response was, as predicted, greater in those with generalised lipodystrophy than in patients with partial lipodystrophy, and, in general, was inversely proportional to the starting leptin level. Most of the patients they treated had starting leptin levels of <5 μg/l, although they do appear to have used leptin therapy in patients with leptin levels as high as 10 μg/l. They also noted decreased proteinuria and, although blood pressure was not studied in detail, no consistent effects on blood pressure were noted in these studies. In almost every case, the benefits of leptin replacement were sustained for as long as therapy was continued. Metabolic relapses were rare and appeared to relate to non-compliance rather than a loss of leptin efficacy. Leptin was extremely well tolerated, with no frequent adverse effects reported beyond the discomfort of daily subcutaneous injections. To date, the only patients in whom adverse effects have been reported appear to be those with acquired generalised lipodystrophy. Two patients with acquired generalised lipodystrophy and mesangiocapillary glomerulonephritis (one of whom was positive for C3 nephritic factor) experienced significant deteriorations in renal function following the initiation of leptin therapy [15] . It was not possible to definitively conclude that leptin replacement was responsible for the deterioration in renal function in either case. Nevertheless, leptin deficiency is known to be associated with a quiescent immune state, and leptin replacement in patients with leptin deficiency induces significant changes in T cell responsivity [16] . Patients with acquired lipodystrophy, which is thought to be an autoimmune condition, frequently manifest other autoimmune diseases, so one possible explanation for the observed deterioration in renal disease in the patients discussed above is that leptin replacement exacerbated autoimmune renal disease. The authors also report the development of T cell lymphoma in two patients with acquired generalised lipodystrophy-here too they were unable to establish or entirely refute a causal link, as T cell lymphoma has previously been reported in the context of acquired generalised lipodystrophy.
Leptin is currently only available through an expanded access programme sponsored by Amylin (San Diego, CA) in the USA or on a named patient compassionate use basis in some other international centres. In our view, its benefits in generalised lipodystrophy are far superior to any other available therapies, and although the market is small, it ought to receive approval as an orphan drug in the relatively near future. In the case of partial lipodystrophy, leptin replacement appears to be of more modest benefit, but is worth adding to other therapies. It is currently only provided to patients with severe lipodystrophy associated with type 2 diabetes and/or hypertriacylglycerolaemia, but its use ought also to be studied in patients with severe lipodystrophy who have 'prediabetes' (i.e. impaired fasting glucose and/ or impaired glucose tolerance).
What are the other options? Although some research in rodent models suggests that leptin may have beneficial effects on metabolic rate and even peripheral actions, most existing rodent data suggest that the dominant effect is a centrally mediated reduction in food intake [17, 18] ; an observation borne out by available human data [9, 19] . If this is true, then reducing food intake should be effective and, although difficult to implement for the reasons discussed above, anecdotal evidence [20] and our own unpublished experience suggests that this is true. Bariatric surgery is clearly the most effective way to reduce energy intake in obese individuals and appears to be similarly effective in lipodystrophy [21] . Outside of these dramatic but effective strategies, the approach should generally follow guidelines for obese type 2 diabetic patients, with the expectation that large doses of insulin are likely to be required and that failure to control food intake, at least to some extent, is likely to mean that almost any other therapies are relatively ineffective.
What of the future? Unfortunately for patients with lipodystrophy, common diseases inevitably attract much greater interest and therapeutic endeavour from Big Pharma, making it more likely that useful therapies will be identified for these. The good news is that anything that reduces energy intake in obese patients is likely to be worth considering in patients with lipodystrophy. Significant progress in understanding the genetic basis of congenital forms of lipodystrophy also offers long-term hopes of identifying novel therapeutic targets.
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